Nearby active galactic nuclei were diagnosed in the X-ray and mid-to-far infrared wavelengths, with Monitor of All-sky X-ray Image (MAXI) and the Japanese infrared observatory AKARI, respectively. Among the X-ray sources listed in the second release of the MAXI all-sky X-ray source catalog, 100 ones are currently identified as a non-blazar-type active galactic nucleus. These include 95 Seyfert galaxies and 5 quasars, and they are composed of 73 type-1 and 27 type-2 objects. The AKARI all-sky survey point source catalog was searched for their midand far-infrared counterparts at 9, 18, and 90 µm. As a result, 69 Seyfert galaxies in the MAXI catalog (48 type-1 and 21 type-2 ones) were found to be detected with AKARI. The X-ray (3-4 keV and 4-10 keV) and infrared luminosities of these objects were investigated, together with their color information. Adopting the canonical photon index, Γ = 1.9, of the intrinsic X-ray spectrum of the Seyfert galaxies, the X-ray hardness ratio between the 3-4 and 4-10 keV ranges derived with MAXI was roughly converted into the absorption column density. After the X-ray luminosity was corrected for absorption from the estimated column density, the well-known X-ray-to-infrared luminosity correlation was confirmed at least in the Compton-thin regime. In contrast, NGC 1365, only one Compton-thick object in the MAXI catalog, was found to deviate from the correlation toward a significantly lower X-ray luminosity by nearly an order of magnitude. It was verified that the relation between the X-ray hardness below 10 keV and Xray-to-infrared color acts as an effective tool to pick up Compton-thick objects. The difference in the infrared colors between the type-1 and type-2 Seyfert galaxies and its physical implication on the classification and unification of active galactic nuclei were briefly discussed.
Introduction
The unified picture of active galactic nuclei (e.g., Antonucci 1993; Urry & Padovani 1995) invokes a supermassive black hole accompanied by a mass accreting disk as their central engine. It is widely believed that they are surrounded by a parsecscale torus filled with dust and gas clouds. However, the detailed physical condition and spatial configuration of these essential ingredients in the active galactic nuclei still remain one of the important issues yet to be solved in the modern astrophysics.
The active galactic nuclei are widely known as an X-ray emitter. Except for jet-dominated sources including blazars and BL Lacertae objects, their X-ray emission is thought to originate in a hot corona above the accretion disk, where disk photons are Comptonized (e.g., Sunyaev & Titarchuk 1980) . After the nuclear radiation is absorbed by the dust torus, it is reemitted into the mid-to-far infrared (IR) wavelength. As a result, the active galactic nuclei, without any significant jet contamination, typically exhibit a strong IR bump in their spectral energy distribution around 1 -100 µm (e.g., Sanders et al. 1989; Antonucci 1993; Elvis et al. 1994; Elitzur 2008) . These properties make a combination of X-ray and IR observations an ideal probe for the central region of the active galactic nuclei. Actually, a number of recent studies indicate a linear correlation between the absorption-corrected (or -unaffected) X-ray luminosities and the observed IR ones among nearby active galactic nuclei with a moderate absorbing Hydrogen column density of NH < ∼ 10 24 cm −2 , regardless of their optical classification (Gandhi et al. 2009; Matsuta et al. 2012; Ichikawa et al. 2012) . Such a correlation is supposed to prefer a so-called clumpy torus geometry (e.g., Krolik & Begelman 1988) , instead of a simple torus model with a smooth and homogeneous dust distribution (e.g., Pier & Krolik 1993) , because the latter model requests a deficit in the observed IR luminosity from obscured objects due to self-extinction within the dust torus.
Owing to tremendous progress in multi-wavelength observations, active galactic nuclei that are deeply enshrouded by the dust (e.g., Ueda et al. 2007 ) have gradually been uncovered. Among such heavily obscured active galactic nuclei, those with NH > 1.5 × 10 24 cm −2 are widely called as Compton-thick objects. In spite of their astrophysical importance for various reasons, such as the origin of the X-ray background radiation (Gilli et al. 2007; Ueda et al. 2014) , the Compton-thick sources are rather elusive in optical observations because of severe dust extinction. Even hard X-ray surveys performed with the Burst Alert Telescope (BAT) onboard the Swift observatory is inferred to have eventually undercounted the Compton-thick objects by a factor of ∼ 4 (Burlon et al. 2011) , although hard X-ray photons above 10 keV are expected to exhibit a high penetrating power. In contrast, it is recently proposed that a combination of X-ray and IR color information is very useful to select the heavily obscured population (Severgnini et al. 2015; Terashima et al. 2015) .
Previous unbiased X-ray and IR diagnostics on nearby active galactic nuclei are usually based on the hard X-ray survey above 10 keV (Matsuta et al. 2012; Ichikawa et al. 2012 ). In contrast, the 2-10 keV X-ray spectral information, obtained with recent X-ray telescopes, such as Suzaku (Mitsuda et al. 2007 ), Chandra, and XMM-Newton, is one of the most standard and powerful tools to investigate the properties of active galaxies. It is important to compare results from the detailed spectral analysis with those from all-sky X-ray surveys in the same energy range, namely below 10 keV. However, the 2-10 keV samples of active galactic nuclei adopted for the X-ray-to-IR studies were frequently constructed from a restricted sky field (e.g., Gandhi et al. 2009 ). Therefore, unbiased all-sky survey data below 10 keV with a high sensitivity has been strongly requested.
In the present study, we overcome such situation, by making use of the X-ray source catalog with the Monitor of Allsky X-ray Image (MAXI; Matsuoka et al. 2009 ) and the IR one with the Japanese space IR observatory AKARI (Murakami et al. 2007 ). MAXI has continuously monitored all the X-ray sky below 10 keV with the sensitivity higher than any other previous all-sky X-ray survey missions. In the second release of the MAXI all-sky X-ray source catalog (hereafter the 2MAXI catalog; Hiroi et al. 2013 ), more than 100 active galactic nuclei, including Seyfert galaxies, quasars and blazars, are listed. Considering the size of the dust torus (typically a parsec scale, corresponding to the light-crossing time of a few years), the X-ray flux averaged over ∼ 3 years, which is provide by the 2MAXI catalog, is valuable rather than snap-shot data obtained with the pointing X-ray satellites. The hardness ratio within the MAXI energy range is regarded as a good indicator of the absorption column density of the dust torus. The ability of MAXI for studies of active galactic nuclei was demonstrated by several authors (e.g., Isobe et al. 2010; Isobe et al. 2015; Tachibana et al. 2016 ).
The IR characteristics of the active galactic nuclei, picked up from the 2MAXI catalog, were examined with the AKARI all-sky survey Point Source Catalog (AKARI/PSC). With the two IR instruments, the InfraRed Camera (IRC; Onaka et al. 2007 ) and the Far-Infrared Surveyor (FIS; Kawada et al. 2007 ), (1) Source name in the 2MAXI catalog.
(2) Name of the optical counterpart. (3), (4) Soft (3 -4 keV) and hard (4 -10 keV) band X-ray flux in the unit of 10 −12 ergs cm −2 s −1 (Hiroi et al. 2013 ) (5) X-ray Hardness ratio, defined as
where F ′ H and F ′ S is the hard and soft band fluxes in the Crab unit;
i.e., F ′ H = F H /1.21 × 10 −8 ergs cm −2 s −1 and F ′ S = F S /3.98 × 10 −9 ergs cm −2 s −1 (see Hiroi et al. 2013 ) . (6) -(8) IR flux density at 9 µm, 18 µm and 90 µm in mJy of the AKARI counterpart (Ishihara et al. 2010; Yamamura et al. 2012 ) (9) Object redshift. (10) Optical Seyfert type (Hiroi et al. 2013 ; and reference therein). the AKARI/PSC widely covers the mid-to-far IR sources in the 9-160 µm range, where the dust torus is expected to radiate a significant fraction of its energy. Therefore, a combined use of the 2MAXI catalog and AKARI/PSC helps us to investigate the vicinity of the active galactic nuclei, and to reveal the nature of the dust torus.
Sample

The second MAXI all-sky X-ray source catalog
The 2MAXI catalog (Hiroi et al. 2013) 1 was constructed from all-sky X-ray survey data accumulated with the gas slit camera (Mihara et al. 2011; Sugizaki et al. 2011 ) onboard MAXI in the first 37 months from 2009 September to 2012 October. The catalog lists 500 X-ray sources detected at high Galactic latitude of |b| ≥ 10
• with a significance of > 7σ in the 4 -10 keV range.
Its 7σ detection sensitivity, 7.5 × 10 −12 erg cm
keV for about half of the sky, is highest among those of previous all-sky X-ray surveys in the similar energy range. The X-ray flux of the faintest source in the catalog is measured as 4.7 × 10 −12 erg cm
Hiroi et al. (2013) cross-matched all the 2MAXI X-ray sources to previous X-ray source catalogs, including the first MAXI catalog (Hiroi et al. 2011) , the meta-catalog of X-ray detected clusters of galaxies (Piffaretti et al. 2011) , and the Swift/BAT 70-month catalog (Baumgartner et al. 2013) . As a result, they reported that 292 2MAXI sources have a probable single counterpart. In the following, we assume that these are real counterparts to the 2MAXI sources. In addition, multiple candidate counterparts were eventually found for 4 sources, mostly due to the moderate position uncertainty of the 2MAXI † Number of the 2MAXI Seyfert galaxies, that have an AKARI counterpart in at least one of the three photometric bands. ‡ Number of the 2MAXI Seyfert galaxies, detected at 9 µm (N 9 ), 18 µm (N 18 ) or 90 µm (N 90 ).
catalog (90% error radius of ∼ 0.5
• for 7σ sources; Hiroi et al. 2013) . Thus, the current completeness of source identification to the 2MAXI catalog is about ∼ 58%. For the remaining 204 sources, identification studies are ongoing (private communication with the MAXI team).
In the present study, all the active galactic nuclei tabulated in the 2MAXI catalog were picked up; these consist of 95 Seyfert galaxies, 5 quasars, and 15 blazars including BL Lacertae objects. We noticed that all of these sources are listed in the Swift/BAT 70-month catalog. We refer to the 2MAXI catalog (and references therein) for their source name, the 3-year averaged X-ray fluxes in the 3-4 keV and 4-10 keV ranges (FS and FH, respectively), X-ray hardness ratio between these bands HR (its definition is discussed in §3.2), optical position, redshift z, and object type (optical classification).
The AKARI point source catalog
The AKARI/PSC is electrically available at the AKARI Catalogue Archive Server (Yamauchi et al. 2011) 2 . The catalog contains 870, 973 mid-IR sources (Ishihara et al. 2010 ) and 427, 071 far-IR ones (Yamamura et al. 2012) , detected with the IRC and the FIS, respectively. The IRC is equipped with 2 photometric bands at the effective wavelength of λ = 9 µm and 18 µm. The IRC sensitivity for an 80% detection completeness is 0.12 Jy and 0.22 Jy at 9 µm and 18 µm, respectively. The FIS has 4 photometric bands centered at λ = 65 µm, 90 µm, 140 µm, and 160 µm. In the present study, we refer only to 90 µm FIS sources, since the sensitivity at this band (the 80% completeness limit of 0.43 Jy) is nearly an order of magnitude better than those at the other 3 bands. The typical position accuracy of the IRC and FIS sources is ∼ 3 ′′ and ∼ 6 ′′ , respectively.
A quality flag, indicating a reliability of the source detection and flux determination, is assigned to each AKARI source for the individual photometric bands. According to the recommendation from the AKARI team, we adopted only the AKARI sources with a quality flag of 3, which assures a high flux accuracy. The same criterion was commonly adopted in similar studies (e.g., Matsuta et al. 2012; Ichikawa et al. 2012; Terashima et al. 2015) .
Source identification
We searched the AKARI/PSC for IR counterparts to the active galaxies selected from the 2MAXI catalog. For the source identification, we referred to the optical position of the individual 2MAXI sources, instead of their position determined with MAXI. A search radius of 10 ′′ and 20 ′′ was adopted for the IRC and FIS catalog, respectively, since these values nearly correspond to their 3σ position accuracy. The same angular threshold was widely imposed in previous studies (e.g., Matsuta et al. 2012) .
The result of the source identification is summarized in table 1, where the X-ray properties (FH, FS, and HR) and IR flux densities at 9 µm, 18 µm, and 90 µm (f9, f18, and f90 respectively) are tabulated for those listed in both the 2MAXI catalog and AKARI/PSC, together with their optical information. Figure 1 plots the distribution of the angular separation between the 2MAXI sources and their AKARI counterparts. As shown with the hatched histogram, the IRC counterparts are concentrated at a relatively narrow range with a separation of < ∼ 6 ′ .
Due to the slightly worse angular resolution at the longer wavelength, the distribution of the FIS sources (up to ∼ 17 ′ as indicated by the thick histogram) is wider than that of the IRC sources. These trends are qualitatively consistent with the previous study by Ichikawa et al. (2012) .
No AKARI counterpart was found to the 5 quasars in the 2MAXI catalog. This is reasonable because these quasars are a relatively high-redshift and faint source (z > 0.17 and FH < 1.5 × 10 −11 erg cm −2 s −1 ; see figure 2). Among 15 blazars, only one BL Lacertae object PKS 0521−36, corresponding to the MAXI X-ray source 2MAXI J0523−363 with a hard and soft X-ray flux of FH = (12.7 ± 1.2) × 10 −12 erg cm −2 s −1 and FS = (3.5 ± 0.4) × 10 −12 erg cm −2 s −1 respectively, was identified with an AKARI source with 9 µm and 18 µm IR flux densities of f9 = 96.6 ± 0.1 mJy and f18 = 216 ± 20 mJy, respectively. Therefore, in the statistical argument below, we deal only with Seyfert galaxies.
Statistics of the source matching for the Seyfert galaxies between the 2MAXI catalog and AKARI/PSC are summarized in Table 2 . Among the 95 2MAXI Seyfert galaxies, 69 ones (∼ 73%) were successfully identified with an AKARI source at least at one of the three photometric bands. The number of the 2MAXI Seyfert galaxies detected at 9 µm, 18 µm, and 90 µm is N9 = 52, N18 = 57, and N90 = 50, respectively. Out of the 68 type-1 Seyfert (Sy1) galaxies, including those optically categorized into Sy1.2 and Sy1.5 sources, 48 (∼ 71%) are found to have an AKARI counterpart (N9 = 36, N18 = 38, and N90 = 30), while 21 out of 27 type-2 Seyfert (Sy2) galaxies (∼ 78%), including Sy1.8 and Sy1.9 objects, were detected with AKARI (N9 = 16, N18 = 19, and N90 = 20).
The redshift distribution of the 2MAXI Seyfert galaxies is displayed in the panel (a) of figure 2. Their average redshift was evaluated as z ≃ 0.048. When we focus on the objects with an AKARI counterpart, the average redshift reduces to z ≃ 0.03. All the 2MAXI Seyfert galaxies located at z < 0.023 (41 ones) are detected with AKARI. In contrast, only 5 Seyfert galaxies (out of 12 ones) at z > 0.1 are found to have an AKARI counterpart, with PKS 1549−79 (Sy1) being the most distant one (z = 0.1501). Thus, our final sample is limited to local sources mainly at z < ∼ 0.1. The 4-10 X-ray flux, FH, of the 2MAXI Seyfert galaxies is distributed as shown in the panel (b) of figure 2. The X-ray brightest source in the sample is Centaurus A, with an X-ray flux of FH = 3.00 × 10 −10 erg cm −2 s −1 averaged over the 3 years. It is reasonable that the objects, that are not detected with AKARI, are mainly the fainter ones with an X-ray flux of FH < ∼ 1×10 −11 erg cm −2 s −1 . Above this flux threshold, 59 out of 67 objects (∼ 86%) were found to coincide with an AKARI source. Among the objects without any AKARI counterpart, the X-ray brightest one is the Sy1.9 galaxy 2MASX J09235371−3141305 with a hard-band X-ray flux of FH = 6.35 × 10 −11 erg cm −2 s −1 .
Results
Relation between the X-ray and IR luminosities
In figure 3 , the soft-and hard-band X-ray luminosities, LS and LH respectively, of the 69 Seyfert galaxies tabulated in both the 2MAXI and AKARI catalogs, are plotted against their IR ones at 9 µm, 18 µm and 90 µm, L9, L18 and L90. The solid line on each panel corresponds to the average of the X-ray-to-IR luminosity ratio among the Sy1 galaxies evaluated in the logarithmic space, while the dashed and dash-dotted lines show its 1σr and 2σr ranges, respectively, where σr indicates the standard deviation of the logarithmic luminosity ratio. Here, the X-ray flux observed with MAXI was simply converted into the luminosity as Li = 4πD 2 L Fi (i = H and S for the hard and soft band respectively). The source redshift z was transformed to the luminosity distance DL, by assuming the cosmological constants of H0 = 71 km s −1 Mpc −1 , ΩM = 0.27, and ΩΛ = 0.73. The monochromatic IR luminosity was calculated from the flux density at each photometric band as L λ = 4πD 2 L ν λ f λ , where ν λ is the representative frequency of the AKARI photometric bands (i.e., λ = 9 µm, 18 µm, and 90 µm). We neglected the so-called K-correction because the sample is limited to the low-redshift sources, as shown in figure 2. Even for the most distant source in the sample, PKS 1549−79 located at z = 0.1501, the effect of the K-correction on its luminosity is evaluated as less than a few %. Figure 3 suggests that the X-ray luminosities of the Sy1 galaxies in the 2MAXI-AKARI sample linearly correlates with the IR ones in the logarithmic space, while the correlation appears to be rather vague for the Sy2 sources. In order to quantify such a correlation, we calculated the Spearman's rank correlation coefficient (ρL), between the X-ray and IR luminosities in the logarithmic space. This coefficient was commonly adopted for similar studies (e.g., Matsuta et al. 2012; Ichikawa et al. 2012 ). The result is summarized in table 3. A tight correlation was confirmed for the Sy1 galaxies with ρL ∼ 0.9. In contrast, Fig. 4 . Distributions of the absorption-inclusive X-ray to IR luminosity ratio in the logarithmic space; (a) log(LH/L9), (b) log(LH/L18), (c) log(LH/L90), (d) log(LS/L9), (e) log(LS/L18), and (f) log(LS/L90). The distributions of the Sy1 and Sy2 galaxies are indicated with the thick blue and hatched red histograms respectively. the X-ray luminosities of the Sy2 objects are found to exhibit a moderate correlation to the mid-IR luminosities (ρL ≃ 0.3-0.5 to log(L9) and log(L18)), and no meaningful one to the far-IR luminosity (ρL ∼ 0 to log(L90)). After the Sy2 galaxies are added to the Sy1 ones (indicated as Sy1+Sy2 in table 3), the coefficients to log(L9) and log(L18) still indicate a strong correlation (ρL > ∼ 0.8), while those to log(L9) decreased to a moderate value (ρL ∼ 0.6).
We also evaluated the Spearman's rank correlation coefficients between the logarithms of the observed X-ray fluxes and IR flux densities (ρF), and tabulate them in table 4. In the case of flux-limited samples, the flux correlation is useful, since it is free from artifacts due to the source redshift. A comparison between the results in tables 3 and 4 pointed out that ρF exhibits a similar trend to ρL, except for the fact that the tight luminosity correlation suggested for the Sy1 and Sy1+Sy2 categories has reduced to a moderate one in the flux space (ρF = 0.4-0.6). We think that this is probably because the observed X-ray flux range (typically log(FH) = −11.0-−10.5 as shown in figure 2 ) is only comparable to the dispersion of the X-ray-to-IR flux/luminosity ratio (see below). Figure 4 plots the distribution of the X-ray-to-IR luminosity ratio for the 2MAXI-AKARI sample in the logarithmic space. The Sy1 galaxies are found to be distributed in a relatively narrow range with σr ≃ 0.3-0.4 (corresponding to a factor of 2-3 in the linear space). This range is found to be similar to those reported in the previous studies (e.g., Matsuta et al. 2012; Ichikawa et al. 2012) . In contrast, the observed X-ray luminosity of the Sy2 galaxies tends to be lower than that of the Sy1 galaxies with a similar IR luminosity. This is clearly visualized in figure 3 where the majority of the Sy2 galaxies are located below the solid line, indicating the logarithmic average of the X-ray-to-IR luminosity ratio for the Sy1 galaxies. This trend is more prominent in the soft X-ray band, as is clearly indicated in figure 4. As we discuss in §4.1, this tendency is basically attributable to X-ray absorption. The relation between the X-ray hardness HR and IR colors. In panels (a) and (b), HR is plotted against log(L9/L18) and log(L9/L90), respectively. The filled blue circles indicate the Sy1 galaxies, while the open red diamonds point the Sy2 galaxies. Fig. 6 . Distributions of the IR colors among the 2MAXI-AKARI Seyfert galaxies. The panels (a) and (b) display the distributions of log(L9/L18) and log(L9/L90), respectively. The thick blue and hatched red histograms indicate the distributions of the Sy1 and Sy2 galaxies, respectively. The open blue and filled red arrows on the top of the figure represent the mean IR color of the Sy1 and Sy2 galaxies, respectively, in the 9-month Swift/BAT sample, estimated from Ichikawa et al. (2012) .
Color-color plot
In figure 5 , the X-ray hardness ratio HR, representing the X-ray spectral color, is plotted against the IR colors L9/L18 and L18/L90 for the 2MAXI-AKARI Seyfert sample. The X-ray hardness, taken from Hiroi et al. (2013) , is defined as Figure 5 helps us to discriminate the Sy1 galaxies from the Sy2 ones. On the color-color plots, the Sy1 objects tend to concentrate in a relatively narrow area represented by 0 < ∼ HR < ∼ 0.2 and | log(L9/L18)| < ∼ 0.3, or | log(L9/L90)| < ∼ 0.6. Compared to the Sy1 sources, the Sy2 ones exhibit a rather hard X-ray spectrum, with a typical X-ray hardness of HR > ∼ 0.2.
We accumulated the IR-color distributions of the sample, as shown in figure 6 . The arrows on the top of each panel indicate the IR colors, which were estimated from the average spectral energy distribution of the Sy1 and Sy2 galaxies in the 9-month Swift/BAT sample taken from Ichikawa et al. (2012) . Thus, the IR color of the 2MAXI sample is consistent to that of the 9-month Swift/BAT sample. We found no significant difference in the mid-IR color, log(L9/L18), between the two Seyfert classes, although there are a few relatively red Sy2 galaxies with Mrk 3 being the reddest one with log(L9/L18) = −0.47. In contrast, the distribution of the mid-to-far IR color, log(L18/L90), seems to rather differ between the Sy1 and Sy2 galaxies in the sense that the Sy2 galaxies tend to show a redder mid-to-far IR color with log(L18/L90) < ∼ 0. From the K-S test, the probability of the difference between the two source categories was estimated as ∼ 95%
Discussion
Absorption column density estimated from HR
The X-ray continuum from Seyfert galaxies in the 2-10 keV range is thought to be basically dominated by the direct nuclear X-ray emission, which is absorbed by their dust torus, except for Compton-thick sources (e.g., Gilli et al. 2007; Ueda et al. 2014) . Because X-ray photons in the soft band are more easily subjected to absorption than those in the hard band, an object with higher absorption column density is predicted to exhibit a harder X-ray spectrum (at least in the Compton-thin regime). Therefore, the higher X-ray hardness observed from the Sy2 objects, which is clearly visualized in figure 5 , is naturally ascribed to the X-ray absorption.
From the X-ray hardness ratio derived with MAXI, we can roughly estimate the absorbing column density of the dust torus (Ueda et al. 2011) . Here, we simply assume that the dominant X-ray spectral component from the Seyfert nuclei in the MAXI energy range is described with an absorbed power-law model. Panel (a) of figure 7 displays the relation of the line-of-sight hydrogen column density, NH, to the MAXI hardness, HR, for some representative values of the photon index (Γ = 1.8, 1.9, and 2.0). This figure indicates that the HR value is sensitive to the X-ray absorption in the range of NH = 10 22 -5 × 10 23 cm −2 (i.e., in the Compton-thin regime). In panel (b) of figure 7, the ratio of the absorbed X-ray flux to the intrinsic one, α abs , is plotted against HR. It is possible to estimate the absorptioncorrected intrinsic flux/luminosity of the objects in our sample, by dividing α abs into their flux/luminosity observed with MAXI.
In order to validate the method for absorption correction, we here focus on Centaurus A, the brightest Seyfert (Sy2) galaxy in the sample. Based on the result presented in figure  7 (a), the hardness ratio of this object measured with MAXI, HR = 0.48 ± 0.1, is converted into the column density of NH ≃ 1.2 × 10 23 cm −2 . From a close examination on the 0.5 -300 keV wide-band X-ray spectrum of Centaurus A obtained with Suzaku in 2005, Markowitz et al. (2007) revealed that its dominant power-law component in the 2 -10 keV range, with a photon index of Γ = 1.8 -1.85, is subjected to X-ray absorption with a column density of NH = 1.5 × 10 23 cm −2 . A similar NH value was recently derived in a coordinated observation with NuStar and XMM-Newton performed in 2013 (Fürst et al. 2016) . The hydrogen column density inferred from the X-ray hardness with MAXI agrees with these results. From the panel (b) of figure 7, the systematic uncertainty on α abs (and hence the intrinsic luminosity estimate) due to the difference between the MAXI and Suzaku results on NH is evaluated as at most ∼ 30%.
X-ray-to-IR luminosity relation after the absorption correction
By the method demonstrated in §4.1, we evaluated the absorption-corrected intrinsic X-ray luminosities of the 2MAXI-AKARI Seyfert galaxies as Li,cor = Li/α abs (i = H and S). For the absorption correction, we adopted the typical photon index of the Seyfert galaxies, Γ = 1.9 (e.g., Ueda et al. 2014) .
No correction was performed to the sources with the hardness smaller than HR = 0.06 (corresponding to α abs = 0.98 and 0.99 in the soft and hard bands respectively), since we think that the absorption put only a negligible impact on these sources. The relation between the X-ray and the IR luminosities after the ab- sorption correction is displayed in figure 8.
After the absorption correction, we re-evaluated the X-rayto-IR correlation coefficients, ρL and ρF, and summarize them in tables 3 and 4, respectively. It is found that the correction put only a minor impact on both ρL and ρF, in comparison to those before the correction. When we take all the Sy1 and Sy2 objects into account, the absorption-removed X-ray luminosities are found to highly correlate to the 9 µm and 18 µm mid-IR luminosities (ρL > ∼ 0.8), while their correlation to the 90 µm far-IR luminosity is moderate (ρL ∼ 0.6). The flux correlation coefficients of the X-ray to mid-IR wavelengths indicate a moderate correlation (ρF = 0.4-0.5), while those to the far-IR band correspond to a weak correlation (ρF ∼ 0.3). Figure 9 shows the histograms of the X-ray-to-IR luminosity ratio in the logarithmic space, after the X-ray absorption was corrected. Thanks to the correction, the Sy2 galaxies have typically moved into the 2σr range of the Sy1 galaxies (i.e., the regions between the dash-dotted lines on figure 8 ). This result is thought to reinforce the X-ray-to-IR luminosity/flux correlation throughout the Sy1 and Sy2 galaxies. For comparison, we estimated the X-ray-to-IR color of the 9-month and 22-month Swift/BAT samples derived in the previous studies by Ichikawa et al. (2012) and Matsuta et al. (2012) , respectively. The ratios of the 14-195 keV X-ray luminosity to the IR ones and their errors, both of which are presented in Ichikawa et al. (2012) and Matsuta et al. (2012) , were converted to match the MAXI energy range, by assuming a power-law like X-ray spectrum with a photon index of Γ = 1.9. The horizontal arrows in figure 9 indicate the 1σr range of the X-ray-to-IR luminosity ratio, thus obtained, for the 9-month and 22-month Swift/BAT samples. Our result from the 2MAXI sample is found to be consistent to the Swift/BAT results.
A number of recent researches indicate that the intrinsic Xray luminosity of Seyfert galaxies tightly correlates with their observed IR luminosities, irrespective of their optical classification (e.g., Gandhi et al. 2009; Matsuta et al. 2012; Ichikawa et al. 2012 ). The correlation is widely interpreted under the framework of the so-called clumpy torus geometry (e.g., Krolik & Begelman 1988) , since the simple torus model with a smooth dust distribution infers a significant dust extinction to the IR luminosity for obscured (i.e., type-2) sources.
Figures 8 and 9, together with the correlation coefficients summarized in tables 3 and 4, support the X-ray-to-IR correlation, especially that to the mid-IR band. Basically, these mean that our result strengthens the clumpy torus scenario. Most of the previous results were usually based on the hard X-ray survey above 10 keV (Matsuta et al. 2012; Ichikawa et al. 2012) , or a small sample below 10 keV derived in a restricted sky field (Gandhi et al. 2009 ). Our study successfully complements the previous ones, because the sample originates in the relatively unbiased all-sky X-ray survey below 10 keV, conducted by MAXI with the highest sensitivity.
Figures 8 and 9 suggest that the dispersion of the ratio between the X-ray luminosity to the far-IR one L90 (σr ≃ 0.4 for the Sy1 galaxies) is slightly larger than those to the mid-IR ones, L9 and L18 (σr ≃ 0.3). In relation, the X-ray correlation coefficients to log(L90) tends to be smaller than those to log(L9) and log(L18). It is pointed out that within the AKARI angular resolution non-negligible contribution to the far-IR emission from warm dust related to star formation activity in the host galaxy resulted in this larger scatter and lower correlation coefficients at 90 µm (Matsuta et al. 2012 ).
Behavior of Compton-thick objects
Interestingly, we found an outlier on figures 8 and 9, which is located significantly outside the 2σr region of the Sy1 galaxies. This object, indicated with the red open triangles in figure 8, is NGC 1365. Although this source is optically classified as Sy1.8, it is known to exhibit occasionally a Compton-thick Xray spectrum with NH > 10 24 cm −2 (e.g., Risaliti et al. 2005; Risaliti et al. 2007; Risaliti et al. 2009a; Risaliti et al. 2009b) .
A standard population synthesis model by Ueda et al. (2014) which was constructed from the X-ray luminosity function of active galactic nuclei to reproduce the X-ray background spectrum predicts the fraction of the Compton-thick objects as < 1% and ∼ 6% in the 2-10 keV and 10-40 keV bands, respectively, at the flux limit of our sample. The observed Compton-thick fraction (i.e., 1 out of 100) is in a reasonable agreement with these predictions, given the fact that our sample is essentially selected by MAXI and the Swift/BAT (see §2.1) with an energy coverage of 4-10 keV and 14-195 keV, respectively, which well overlaps with the energy bands considered in Ueda et al. (2014) .
X-ray spectrum below 10 keV of Compton-thick Seyfert galaxies is not dominated by the direct/absorbed emission from their nucleus. Instead, their dominant spectral component in this X-ray band is though to be reflected and/or scattered ones (e.g., Gilli et al. 2007; Ueda et al. 2014) . As a result, Compton-thick objects are possible to exhibit a relatively soft X-ray spectrum, in comparison to Compton-thin Sy2 galaxies with a moderate column density (e.g., NH = 10 22 -10 23 cm −2 ). The X-ray luminosity below 10 keV of the reflected/scattered component is estimated to be by typically an order of magnitude less than the unabsorbed luminosity of the direct component. Therefore, for the Compton-thick sources, the absorption correction based on the HR-NH relation in figure 7 should yield a column density lower than the real value, and thus, significantly underestimates their intrinsic luminosity. Using the hard X-ray catalog with Swift/BAT of nearby Seyfert galaxies, Matsuta et al. (2012) reported a sign of a deficit in the hard X-ray luminosity from Compton-thick sources.
The hardness ratio, HR = 0.07 ± 0.07, of NGC 1365 is within the range of those of the Sy1 galaxies, and thus indicates a soft X-ray spectrum in the MAXI energy range. This HR value corresponds to a low column density of NH ∼ 4 × 10 21 cm −2 (in the case of Γ = 1.9), in spite of its Sy2 nature. The X-ray-to-IR luminosity ratio of NGC 1365 after the absorption correction is by a factor of > ∼ 10 lower than the average value of the Sy1 galaxies, as shown in figure 8. These two observational facts seem suggestive of the Compton-thick picture for NGC 1365.
From recent studies (Severgnini et al. 2015; Terashima et al. 2015) , the relation between the observed X-ray hardness and X-ray-to-IR color is proposed as an effective tool to pick up Compton-thick active galactic nuclei. In panels (a) and (b) of figure 10, we plot HR against the absorption-inclusive values of log(LH/L18) and log(LS/L18), respectively, for the 2MAXI-AKARI sample. On these diagrams, the model prediction is plotted as a function of NH (from 0 to 1 × 10 25 cm −2 ) with Fig. 9 . Distributions of the logarithmic ratio between the X-ray and IR luminosities, after the X-ray absorption correction; (a) log(LH,cor/L9), (b) log(LH,cor/L18), (c) log(LH,cor/L90), (d) log(LS,cor/L9), (e) log(LS,cor/L18), and (f) log(LS,cor/L90) The distributions among the Sy1 and Sy2 galaxies are indicated with the thick blue and hatched red histograms respectively. The 1σr range of the luminosity ratio for the Sy1 galaxies estimated from Matsuta et al. (2012) and Ichikawa et al. (2012) are shown with the horizontal arrows indicated as "M" and "I", respectively.
the dotted lines. The dashed lines indicate the absorption column of NH = 4 × 10 23 , 1 × 10 24 , 2 × 10 24 , and 4 × 10 24 cm −2 .
By referring to Terashima et al. (2015) , we introduced to the absorbed power-law model, an additional unabsorbed powerlaw one which represents the reflected/scattered component. The photon index of the reflected/scattered component was presumed to be identical to the direct one (i.e., Γ = 1.9; see §4.1). We evaluated the model tracks, by assuming the fraction of the scattered/reflected component as 1%, 2%, 5%, and 10% to the intrinsic luminosity of the direct component. The log(LH/L18) and log(LS/L18) values of a source unaffected by absorption (i.e., NH = 0) were assumed to be their mean among Sy1 galaxies (i.e., represented by the solid lines in figure 3 ).
In the Compton-thin regime (NH < 10 24 cm −2 ), a source with a higher NH value is expected to exhibit a harder X-ray spectrum and a lower ratio of the soft X-ray to IR luminosities. In contrast, the hard-X-ray to IR color is relatively insensitive to the absorption. For heavily obscured objects, an NH increase is predicted to result in a significant X-ray spectral softening and a decrease in log(LH/L18). The log(LS/L18) value is inferred to remain unchanged because the direct X-ray emission in the soft band has been fully blocked by the Compton-thick dust torus, and hence, is totally dominated by the scattered/reflected component. We clearly recognize in figure 10 that the behavior of the 2MAXI-AKARI Seyfert galaxies, qualitatively follows these trends. Especially, we can explain the colors of NGC 1365 by tuning the fraction of the scattered/reflected component and the X-ray-to-IR luminosity ratio for NH = 0, both of which are thought to reflect the geometry of the dust torus around the accretion disk. We have, thus, re-confirmed that a combination of the X-ray spectral hardness below 10 keV and the X-ray-to-IR color is useful to distinguish the Compton-thick sources from the Compton-thin ones, without any detailed spectral analysis, or hard X-ray data above 10 keV.
Finally, it is important to mention that figure 10 implies a few additional Compton-thick candidates, which are located in Fig. 10 . X-ray hardness ratio HR is plotted against the logarithm of the absorption-inclusive X-ray to IR luminosity ratios, log(LH/L18) and log(LS/L18), in panels (a) and (b) respectively. The blue filled circles and red open diamonds shows the Sy1 and Sy2 galaxies, respectively, while the red open triangle indicates NGC 1365. The model prediction estimated for some representative values of the fraction of the scattered component (1%, 2%, 5% and 10%) are drawn with the dotted lines, where the log(LH/L18) and log(LS/L18) values for a source with no absorption (NH = 0) are simply assumed to be their average over the Sy1 galaxies in the sample. The dashed lines indicate the absorption column density of NH = 4 × 10 23 , 1 × 10 24 , 2 × 10 24 , and 4 × 10 24 cm −2 .
the transition area between the Compton-thin and -thick objects, represented by log(LH/L18) < ∼ −1 or log(LS/L18) < ∼ −2 (corresponding to NH > 4 × 10 23 cm −2 ). Detailed X-ray spectral analyses are considered to be required to find out the nature of these objects (e.g., Terashima et al. 2015) , although we regard them as out of the scope of the present paper.
Implication from the IR color
The mid-IR spectrum of Seyfert galaxies is utilized as a good probe into physical or geometrical properties of their dust torus, because it is known to be dominated by emission from the dust torus especially in the 10 -20 µm range (Mor et al. 2009 ). It is pointed out that the 5 -20 µm IR spectra of nearby Sy2 galaxies are possibly redder than those of the Sy1 objects (e.g., Mateos et al. 2016) . Based on the numerical simulation on the clumpy torus model (e.g., Nenkova et al. 2008a; Nenkova et al. 2008b ), these spectral characteristics are proposed to be explained by a possible idea that the covering factor of the dust torus is larger in the Sy2 sources than in the Sy1 ones (Mateos et al. 2016 ). However, our result shown in the left panel of figure 6 does not seem to give a support to such a scenario, since no clear discrepancies are found between the Sy1 and Sy2 sources.
As briefly mentioned in §4.2, the far-IR luminosity from the Seyfert galaxies measured with AKARI is thought to be rather contaminated by emission from warm dust produced by starforming activity in their host galaxy. Then, the mid-to-far IR luminosity ratio is regarded as an indicator of a relative dominance between the activities of the nucleus and star formation in the galaxies. Using the AKARI data for the Swift/BAT sample, Matsuta et al. (2012) hinted a higher relative star formation activity in the Sy2 galaxies, based on their redder L9/L90 color, in comparison to the Sy1 objects. We reconfirmed this trend (with a probability of ∼ 95% by the K-S test), by utilizing the 2MAXI-AKARI sample, as shown in the right panel of figure  6 . In addition, no meaningful X-ray correlation to log(L90) indicated to the Sy2 galaxies (see tables 3 and 4) is possible to be also related to a significant contamination from a higher starformation activity in such objects. These results suggest that the optical Seyfert classification is not only determined by the orientation of the dust torus to our line of sight, but also by the warm-dust distribution connected to the star-forming activity in the host galaxy.
